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Summary
Connective tissue, from the outside of three major chuck muscles, was evaluated for binding properties when incorporated either raw or following preheating into precooked, restructured beef. Food-grade gelatin was also evaluated as a binding agent. Adding 10% raw or preheated connective tissue increased (P<.05) instrumentally measured tensile strength and reduced (P<.05) juiciness perception.
One percent gelatin reduced (P<.05) cook yields and increased (P<.05) tensile strength but not to the degree of 10% raw or preheated connective tissue. Preheating had minimal effects on improving connective tissue utility. Based on the improvement in bind and cook yields, use of connective tissue as a binder is feasible in manufacturing low-salt, precooked, restructured beef.
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Introduction
Connective tissue can decrease the desirability of restructured meat texture. However, during cooking, connective tissue collagen is converted to gelatin that may contribute to bind in meat cold-cuts because it will gel when chilled. Consequently, this study was conducted to determine if adding either food-grade gelatin or connective tissue trim pulverized in liquid nitrogen could increase bind in low-salt, restructured beef.
Experimental Procedures
Three major muscles from A-maturity beef carcasses were trimmed of fat and outside connective tissue, ground through a kidney plate, mixed with .51% tetrasodium pyrophosphate (TSPP) and stored at 39 EF for 12 hr.
The connective tissue trim was pulverized in liquid nitrogen. A portion was used raw and another portion was heated to 143 EF. At the end of a 12 hr preblending period, products were formulated to contain 0.2% NaCl and 0.5% TSPP and either no binding agent (control), 0.5% or 1.0% gelatin, 5.0% or 10.0% raw connective tissue, or 5.0% or 10.0% preheated connective tissue. Products were stuffed into fibrous, prestuck casings and cooked to 146EF. Proximate composition and soluble, residual, total, and percent soluble collagen were determined for raw and cooked product. Instron hardness, cohesiveness, and tensile strength were measured. Sensory panel scores for tensile strength (0=very easy to pull apart to 10=very difficult to pull apart), firmness (0=not firm to 10=very firm), initial cohesiveness (0=clean break to 10=high deformation), cohesiveness of mass (0=low cohesiveness to 10=high cohesiveness), beefiness (0=none to 10=intense), and juiciness (0=not juicy to 10=very juicy) were assessed as well. Data were analyzed as a randomized complete-block design and means were separated using least-square procedures.
Results and Discussion
No differences (P>.05) in proximate composition were detected. Moisture ranged from 71 to 72%, fat from 4.0 to 5.0%, protein from 22 to 23%, and ash from .95 to 1.4%. Neither total or soluble collagen contents differed (P>.05) for cooked products with 1.0% gelatin, 10% raw connective tissue, or 10% preheated connective tissue (Table 1) . Soluble and total collagen contents of the control were .80 and 4.73 mg/g, respectively, and were less (P<.05) than those for all other treatments. Products with 10% raw and preheated connective tissue contained 5.98 and 5.55 mg of residual collagen per gm compared to 3.93 mg/g for the control (P<.05). Residual collagen contents of other treatments were similar (P>.05) to the control. Compared to the control, Instron hardness was greater (P<.05) for products with 10% raw connective tissue. All binder treatments except 0.5% gelatin increased (P<.05) Instron tensile strength over the control (Table 2) . Although products with 1.0% gelatin or 10% raw or preheated connective tissue had significantly more soluble collagen than the control, the dramatic increase in tensile strength appeared to be more strongly related to residual collagen content.
Adding 10% raw or preheated connective tissue reduced (P<.05) juiciness scores and tended (P<.09) to reduce beefiness scores compared to the control (Table 3) . Adding 10% raw connective tissue increased (P<.05) cook yields to 90.7% compared to 90.0% for the control, whereas 1.0% gelatin reduced cook yields to 88.1% (Table 2 ).
This study demonstrates that connective tissue can be removed, altered, and reincorporated with beneficial effects on bind and cook yields of low-salt, precooked, restructured beef. Even though 10% addition of raw or preheated connective tissue tended to reduce product juiciness and beefiness, it dramatically increased tensile strength. That may prove significant in precooked products with salt levels too low for optimal use of meat proteins and may expand the use of low cost, high connective tissue, raw materials. 
